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Description 

Background of the Invention 

5 1, Field of the Invention 

[0001] The present invention relates to a positive photosensitive composition suitable for use in microlithography 
processes such as the production of ULSIs or high-capacity microchips and in other photofabrication processes. More 
particularly, theinvention relatesto a positivephotosensitive composition capable of forming a high-resolution pattern 
10 with a vacuum ultraviolet light having a wavelength of 1 93 nm or shorter 

2, Description of the Related Art 

[0002] The degree of integration in integrated circuits is increasing more and more, and it has become necessary to 
15 form an ultrafine pattern having a line width of a quarter micrometer or smaller in the production of semiconductor 
substrates for ULSIs or the like. One of the known techniques for enhancing the fineness of such patterns is to use an 
exposure light having a shorter wavelength in resist pattern formation. 

[0003] For example, in the production of semiconductor elements having an integration degree of up to 64 megabits, 
the i-line (365 nm) from a high-pressure mercury lamp has hitherto been used as an exposure light. Many compositions 
20 comprising a novolak resin and a naphthoquinonediazide compound as a photosensitive substance have been devel- 
oped as positive resists for use with the exposure light, and have given sufficient results in forming patterns having 
line widths down to about 0.3 u.m. On the other hand, in the production of semiconductor elements having an integration 
degree of 256 megabits or higher, KrF excimer laser light (248 nm) has been used as an exposure light in place of the 
i-line. 

25 [0004] Furthermore, use of ArF excimer laser light (193 nm), which is an exposure light having an even shorter 
wavelength, and use of F 2 excimer laser light (157 nm) for forming a pattern having a line width of 0.1 urn or smaller 
are recently being investigated for the purpose of producing semiconductor elements having an integration degree of 
1 gigabit or higher 

[0005] With the use of such exposure lights having shorter wavelengths, the components of resist materials and the 
30 structures of compounds for use therein are changing considerably. For example, the related-art resists comprising a 
novolak resin and a naphthoquinonediazide compound have had the following problem. Since these resists show 
considerable absorption in a far ultraviolet region including 248 nm, the light is less apt to sufficiently reach the resist 
bottom. As a result, the resists have low sensitivity and give tapered patterns only. 

[0006] Inorderto eliminate suchproblems, a so-called chemical amplification type resist has been developed. This 
35 resist is a composition which comprises a combination of: a resin, as the main component, which has a poly (hydrox- 
ystyrene) backbone showing reduced absorption in a 248 nm region and is protected by acid-dissociable groups; and 
a compound which generates an acid upon irradiation with far ultraviolet light (photo-acid generator). The chemical 
amplification type resist changes in solubility in a developing solution based on a decomposition reaction catalyzed by 
the acid generated in exposed areas, and can hence show high sensitivity and give high-resolution patterns. 
40 [0007] However, in the case of using ArF excimer laser light (193 nm), even the chemical amplification type resist 
has been unable to have sufficient performances because compounds having aromatic groups intrinsically show con- 
siderable absorption in a wavelength region including 193 nm. 

[0008] An improvement in the chemical amplification type resist has been attempted in order to overcome that prob- 
lem. In this improvement, anacid-decomposableresinwhichhas, incorporated in the polymer main chain or side chains 
45 thereof, alicyclic structures showing no absorption at 1 93 nm is used in place of the acid-decomposable resin comprising 
poly (hydroxystyrene) as the backbone. 

[0009] However, it has been found that when F 2 excimer laser light (157 nm) is used, even the alicyclic resin is 
insufficient in obtaining a desired pattern of 0.1 u.m or finer because the resin shows considerable absorption in a 157 
nm region. Under these circumstances, a resin having fluorine atoms (perfluorinated structure) incorporated therein 
so was reported to have sufficient transparency at 157 nm, in Proc. SPIE., Vol.3678, p. 13 (1999). Effective structures of 
such fluororesins are proposed in Proc. SPIE. , Vol. 3999, p. 330 (2000), Proc. SPIE., Vol.3999, p.357 (2000), Proc. 
SPIE., Vol.3999, p.365 (2000), WO-00/17712, German Patent 1,005,466, Published U.S. Patent Application No. 
2001/0,018,162 A2, etc. 

[0010] However, the related-art resists containing a fluororesin have been desired to be further improved in sensitivity, 
55 line edge roughness diminution, and profile. 
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Summary of the Invention 

[0011] Accordingly, an object of the invention is to provide a positive photosensitivecomposition which has high 
sensitivity when far ultraviolet light having a wavelength of 250 nm or shorter, in particular, ArF excimer laser light or 
5 F 2 excimer laser light, is used as an exposure light and which is excellent in line edge roughness diminution and profile. 
[0012] The invention has the following constitutions, with which that object of the invention is accomplished. 

(1) A positive photosensitive composition comprising: 

10 (A) 5 to 20 parts by weight of the total amount of at least one compound that generates an acid upon irradiation 

with an actinic ray; and (B) 100 parts by weight of the total amount of at least one fluorine atom-containing 
resin having a group that increases a solubility of the resin in an alkaline developer by the action of an acid. 

(2) The positive photosensitive composition as described in (1) above, wherein the resin (B) has a main chain to 
15 which at least one fluorine atom is bonded. 

Preferred embodiments of the invention are further shown below. 

(3) The positive photosensitive composition as described in (1) above, wherein the resin (B) has a repeating unit 
having from 1 to 3 groups represented by formula (A-1): 

20 

CF3 

-f-o-R 1a (A-1) 

25 CF 3 

wherein R 1a represents a hydrogen atom, an alkyl group, a cycloalkyl group, an acyl group, an alkoxycarbonyl 
group, or a group which dissociates by the action of an acid. 
30 (4) The positive photosensitive composition as described in (1) above, wherein the resin (B) has a fluorine atom- 

containing repeating unit and a repeating unit with no fluorine atom. 

(5) The positive photosensitive composition as described in (4) above, wherein the repeating unit with no fluorine 
atom is at least one repeating unit selected from (a) to (c): 

35 (a) monocyclic or polycyclic, alicyclic hydrocarbon structure-having, acid-dissociating repeating unit; 

(b) lactone structure- having repeating unit; 

(c) monocyclic or polycyclic, alicyclic hydrocarbon structure and hydroxyl group-having repeating unit, 

(6) The positive photosensitive composition as described in any of (1) to (5) above, wherein the compound (A) is 
40 a sulfonium salt. 

(7) The positive photosensitive composition as described in any of (1) to (5) above, wherein the compound (A) is 
a sulfonium salt of a fluorine-substituted aliphatic sulfonic acid having 4 to 8 carbon atoms. 

(8) A method of forming a resist pattern comprising: coating the positive photosensitive composition described in 
any of (1) to (7) above on a substrate, to form a resultant coating; irradiating the resultant coating with an actinic 

45 ray, to form an irradiated coating; and developing the irradiated coating. 

Brief Description of the Drawings 
[0013] 

50 

Fig. 1 is a schematic view showing a two-beam interference exposure experimental apparatus. 

Detailed Description of the Invention 

55 [0014] The invention will be explained below in detail. 

[0015] With respect to expressions of groups (atomic groups) in this specification, the expressions which include no 
statement as to whether the groups are substituted or unsubstituted imply both of groups having no substituents and 
groups having one or more substituents. For example, the term "alky! group" implies not only an alkyl group having no 
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substituents (unsubstituted alkyl group) but also an alkyl group having one or more substituents (substituted alkyl 
group). 

[0016] The positive photosensitive composition of the invention comprises (A) 5 to 20 parts by weight of the total 
amount of at least one compound that generates an acid upon irradiation with an actinic ray; and (B) 100 parts by 
weight of the total amount of at least one fluorine atom-containing resin having a group that increases a solubility of 
the resin in an alkaline developer by the action of an acid (a group that dissociate by the action of an acid to enhance 
solubility in an alkaline developer), 

[1] (A) Compound Generating Acid upon Irradiation with Actinic Ray 



[0017] The compound which generates an acid upon irradiation with an actinic ray (photo-acid generator) to be used 
in the invention can be one suitably selected from photoinitiators for cationic photopolymerization, photoinitiators for 
radical photopolymerization, photodecolorants or optical color changers for dyes, known compounds used in microre- 
sist formation or the like which generate an acid upon irradiation with an actinic ray, e.g., a radiation, or far ultraviolet 
15 light having a wavelength of preferably 250 nm or shorter, more preferably 220 nm or shorter, such as KrF, ArF, or F 2 
excimer laser light, X-rays, or electron beams, and mixtures of two or more thereof. 

[0018] Examples thereof include diazonium salts, phosphonium salts, sulfonium salts, iodonium salts, imidesul- 
fonates, oximesulfonates, diazodisulfones, disulfones, and o-nitrobenzyl sulfonates. 

[0019] Also usable are compounds obtained by incorporating any of those groups or compounds which generate an 
20 acid upon irradiation with an actinic ray into the main chain or side chains of a polymer. Examples thereof are given 
in, e.g., U.S. Patent 3,849,137, German Patent 3,914,407, JP-A-63-26653, J P-A-55- 164824, JP-A-62-69263, JP-A- 
63-146038, JP-A-63-1 63452, J P-A-62- 153853, and JP-A-63-1 46029. 

[0020] Also usable are those compounds generating an acid by the action of light which are described in U. S . Patent 
3, 779, 778 and European Patent 126,712. 
25 [0021] Preferred examples of the compound which generates an acid upon irradiation with an actinic ray include 
compounds represented by the following general formulae (Zl), (Zll), and (Zlll). 

R201 O N 2 O 

30 | _ II [I II 

R 202^~S+ X R 2 Q4 1^*205 R 206~~S S~ R 2 07 

R 20 3 X" OO 

Zl Zll Zlll 

35 

[0022] In general formula (Zl), R 20 i. R202> and R 203 eacn independently represent an organic group. 
[0023] X - represents a non-nucleophilic anion. 

[0024] The organic groups represented by R 201 , R 202 , and R203 eacn nave generally 1 to 30, preferably 1 to 20 
40 carbon atoms. 

[0025] Two of R 201 to R 203 may be bonded to each other to form a ring structure, which may contain an oxygen atom, 
sulfur atom, ester bond, amide bond, or carbonyl group therein. 

[0026] Examples of the group formed by the bonding of two of R 201 to R 203 include alkylene groups (e.g., butylene 
and pentylene). 

45 [0027] Specific examples of the organic groups represented by R 201 , R 202 , and R 203 include the corresponding 
groups in the compounds (Z1-1), (Z1-2), and (Z1-3) which will be described later. 

[0028] A compound having two or more structures represented by general formula (Zl) may also be used. For ex- 
ample, use may be made of a compound having a structure in which at least one of the R 201 to R 203 of a compound 
represented by general formula (Zl) is bonded to at least one of the R 201 to R 203 of another compound represented by 
so general formula (Zl). 

[0029] More preferred examples of ingredient (Zl) include the compounds (Z1-1) , (Z1-2), and (Z1-3) which will be 
explained below. 

[0030] Compound (Z1 -1 ) is an arylsuifonium compound represented by general formula (Zl) wherein at least one of 
R 201 to R 203 is an aryl group, i.e., a compound including an arylsuifonium as a cation. 
55 [0031] The arylsuifonium compound may be one in which all of R 201 to R 203 are aryl groups, or may be one in which 
part of Rqoa t0 R 203 ls an arvl 9 rou P and * ne remainder is an alkyl or cycloalkyl group. 

[0032] Examples of the arylsuifonium compound include triarylsulfonium compounds, diarylalkyl- or diarylcycloalkyl- 
sulfonium compounds, and aryldialkyl- or aryldicycloalkylsulfonium compounds. 
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[0033] The aryl group of the arylsulfonium compound preferably is phenyl or naphthyl, and more preferably is phenyl. 
In the case where the arylsulfonium compound has two or more aryl groups, these aryl groups may be the same or 
different. 

[0034] The alkyl group which is optionally possessed by the arylsulfonium compound preferably is a linear or 
5 branched alkyl group having 1 to 15 carbon atoms. Examples thereof include methyl, ethyl, propyl, n-butyl, sec-butyl, 
and t-butyl. 

[0035] The cycloalkyl group which is optionally possessed by the arylsulfonium compound preferably is a cycloalkyl 

group having 3 to 15 carbon atoms. Examples thereof include cyclopropyl, cyclobutyl, and cyclohexyl. 

[0036] The aryl, alkyl, and cycloalkyl groups represented by R 20 i to R 203 may have substituents selected from alkyl 

10 groups (e.g., ones having 1 to 15 carbon atoms), cycloalkyl groups (e.g., ones having 3 to 15 carbon atoms), aryl 
groups (e.g., ones having 6 to 14 carbon atoms), alkoxy groups (e.g., ones having 1 to 15 carbon atoms), halogen 
atoms, hydroxyl, and phenylthio. Preferred examples of the substituents are alkyl groups having 1 to 12 carbon atoms, 
cycloalkyl groups having 3 to 12 carbon atoms, and alkoxy groups having 1 to 12 carbon atoms. Most preferred are 
alkyl groups having 1 to 4 carbon atoms and alkoxy groups having 1 to 4 carbon atoms. One or more of such substituents 

15 may be bonded to any one of R 2 oi to R203 or to each of R 2 oi to R 203 . In the case where R 201 to R^ are aryl groups, 
it is preferred that a substituent be bonded to the p-position in each aryl group. 

[0037] Examples of the non-nucleophilic anion represented by X- include a sulfonic acid anion , carboxylic acid anion , 
sulfonylimide anion, bis(alkylsulfonyl)imide anion, and tris(alkylsulfonyl)methyl anion. 

[0038] A non-nucleophilic anion is an anion the ability of which to cause a nucleophilic reaction is exceedingly low 
20 and which canbe inhibited from being decomposed by an intramolecular nucleophilic reaction with the lapse of time. 
This anion improves the long-term stability of resists. 

[0039] Examples of the sulfonic acid anion include aliphatic sulfonic acid anions, aromatic sulfonic acid anions, and 
a camphorsulfonic acid anion. 

[0040] Examples of the carboxylic acid an ion include aliphatic carboxy lie acid an ions, aromatic carb oxy lie acid anions, 

25 and aralkylcarboxylic acid anions. 

[0041] Examples of the aliphatic hydrocarbon groups in the aliphatic sulfonic acid anions include alkyl groups pref- 
erably having 1 to 30 carbon atoms, such as methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, pentyl, neo- 
pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyt, pentadecyl, hexadecyl, heptadecyl, oc- 
tadecyl, nonadecyl, and eicosyl, and cycloalkyl groups preferably having 3 to 30 carbon atoms, such as cyclopropyl, 

30 cyclopentyl, cyclohexyl, adamantyl, norbornyl, and bornyl. 

[0042] Examples of the aromatic groups in the aromatic sulfonic acid anions include aryl groups preferably having 
6 to 14 carbon atoms, such as phenyl, tolyl, and naphthyl. 

[0043] The alkyl, cycloalkyl, and aryl groups in the aliphatic sulfonic acid anions and aromatic sulfonic acid anions 
may have substituents. 

35 [0044] Examples of the substituents include halogen atoms, alkyl groups, alkoxy groups, and alkyithio groups. 
[0045] Examples of the halogen atoms include chlorine, bromine, fluorine, and iodine atoms. 
[0046] Examples of the alkyl groups include alkyl groups preferably having 1 to 15 carbon atoms, such as methyl, 
ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, pentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, do- 
decyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, and eicosyl. 

40 [0047] Examples of the alkoxy groups include alkoxy groups preferably having 1 to 5 carbon atoms, such as methoxy, 
ethoxy, propoxy, and butoxy. 

[0048] Examples of the alkyithio groups include alkyithio groups preferablyhaving 1 to 15 carbon atoms, such as 
methylthio, ethylthio, propylthio, isopropylthio, n-butylthio, isobutylthio, sec-butylthio, pentylthio, neopentylthio, hexy- 
Ithio, heptylthio, octylthio, nonylthio, decylthio, undecylthio, dodecylthio,tridecylthio,tetradecylthio,pentadecyltio, hex- 
45 adecylthio, heptadecylthio, octadecylthio, nonadecylthio, and eicosylthio. The alkyl, alkoxy, and alkyithio groups may 
be further substituted with halogen atoms (preferably fluorine atoms). 

[0049] Examples of the aliphatic hydrocarbon groups in the aliphatic carboxylic acid anions include the same aliphatic 
hydrocarbon groups as in the aliphatic sulfonic acid anions. 

[0050] Examples of the aromatic groups in the aromatic carboxylic acid anions include the same aromatic groups 

so as in the aromatic sulfonic acid anions. 

[0051] Examples of the aralkyl groups in the aralkylcarboxylic acid anions include aralkyl groups preferably having 
6 to 12 carbon atoms, such as benzyl, phenethyl, naphthylmethyl, naphthylethyl, and naphthylbutyl. 
[0052] The alkyl, cycloalkyl, aryl, and aralkyl groups in the aliphatic carboxylic acid anions, aromatic carboxylic acid 
anions, and aralkyl carboxylic acid anions may have substituents . Examples of the substituents include the same 

55 halogen atoms, alkyl groups, alkoxy groups, and alkyithio groups as in the aliphatic sulfonic acid anions and aromatic 
sulfonic acid anions. 

[0053] Examples of the sulfonylimide anion include a saccharin anion. 

[0054] The alkyl groups in the bis(alkylsulfonyl)imide anion andtris (alkylsulfonyl)methyl anion preferably are alkyl 
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groups having 1 to 5 carbon atoms. Examples thereof include methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec- 
butyl, pentyl, and neopentyl, These alkyl groups may have substituents. Examples of the substituents include halogen 
atoms, alkyl groups substituted with one or more halogen atoms, alkoxy groups, and alkylthio groups. Preferred are 
alkyl groups substituted with one or more fluorine atoms. 
5 [0055] Other examples of the non-nucleophilic anion include phosphorus fluoride, boron fluoride, and antimony flu- 
oride. 

[0056] The non-nucleophilic anion represented by X' preferably is an aliphatic sulfonic acid anion substituted with 
one or more fluorine atoms, an aromatic sulfonic acid anion substituted with one or more fluorine atoms or f luorinated 
groups, a bis(alkylsutfonyl)imide anion in which the alkyl groups are substituted with one or more fluorine atoms, or a 
10 tris(alkylsulfonyl)methyl anion in which the alkyl groups are substituted with one or more fluorine atoms. The non- 
nucleophilic anion represented by X" more preferably is a fluorine-substituted aliphatic sulfonic acid anion having 4 to 
8 carbon atoms, and especially preferably is a non a fluorobutane sulfonic acid anion or perfluorooctane sulfonic acid 
anion. 

[0057] Next, compound (Z1-2) will be explained. 
15 [0058] Compound (Z1 -2) is a compound represented by formula (Zl) wherein R 20 i to R203 each independently rep- 
resent an organic group containing no aromatic ring. The term aromatic ring herein implies any of aromatic rings in- 
cluding ones containing one or more heteroatoms. 

[0059] The organic groups containing no aromatic ring which are represented by R 201 to R 20 3 each have generally 
1 to 30, preferably 1 to 20 carbon atoms. 
20 [0060] Preferably, R 20 i to R 203 each independently are an aliphatic hydrocarbon group. R 201 to R 203 each more 
preferably are a linear, branched, or cyclic 2-oxoalkyl group or an alkoxycarbonylm ethyl group, and most preferably 
are a linear or branched 2-oxoalkyl group. 

[0061] The aliphatic hydrocarbon groups represented by R 201 to R 203 may be any of linear or branched alkyl groups 
and cycloalkyl groups. Preferred examples thereof include linear or branched alkyl groups having 1 to 1 0 carbon atoms 
25 (e.g., methyl, ethyl, propyl, butyl, and pentyl) and cycloalkyl groups having 3 to 10 carbon atoms (e.g., cyclopentyl, 
cyclohexyl, and norbornyl). More preferred aliphatic hydrocarbon groups are 2-oxoalkyl groups and alkoxycarbonyl- 
methyl groups. 

[0062] The 2-oxoalkyl groups may be either linear or branched or cyclic. Preferred examples thereof include the alkyl 
and cycloalkyl groups enumerated above which each have >C=0 in the 2-position. 
30 [0063] Examples of the alkoxy groups in the alkoxycarbonylmethyl groups include alkoxy groups preferably having 
1 to 5 carbon atoms (methoxy, ethoxy, propoxy, butoxy, and pentoxy), 

[0064] R 201 to R^ may be further substituted with substituents selected from halogen atoms, alkoxy groups (e.g., 
ones having 1 to 5 carbon atoms), hydroxyl, cyano, and nitro. 

[0065] Two of R 201 to R 203 may be bonded to each other to form a ring structure, which may contain an oxygen atom, 
35 sulfur atom, ester bond, amide bond, or carbonyl group therein. Examples of the group formed by the bonding of two 
of R 201 to R 203 include alkylene groups (e.g., butylene and pentylene). 

[0066] Compound (Z1-3) is a compound represented by the following general formula (Z1-3). Namely, it is a com- 
pound having a phenacylsulfonium salt structure. 

40 



45 



50 




(Z1-3) 



^4C 



[0067] R 1c to R 5c each independently represent a hydrogen atom, alkyl group, cycloalkyl group, alkoxy group, or 
ss halogen atom. 

[0068] Rq c to R 7c each represent a hydrogen atom, alkyl group, or cycloalkyl group. 

[0069] R x and R y each independently represent an alkyl group, cycloalkyl group, allyl, or vinyl. 

[0070] Two or more of R 1c to R 5c may be bonded to each other to form a ring structure, and R x and R y may be bonded 
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to each other to form a ring structure. These ring structures may contain an oxygen atom, sulfur atom, ester bond, or 
amide bond. 

[0071] Zc- represents a non-nucleophilic anion, which is the same as the non-nucleophilic anion X- in general formula 



5 [0072] The alkyl groups represented by R 1c to R 7c may be either linear or branched. Examples thereof include linear 
or branched alkyl groups having 1 to 20 carbon atoms. Preferred examples thereof Include linear or branched alkyl 
groups having 1 to 12 carbon atoms (e. g. , methyl, ethyl, linear or branched propyl, linear or branched butyl, and linear 
or branched pentyl). 

[0073] Examples of the cycloalkyl groups represented by R 1c to R 7c include cycloalkyl groups having 3 to 20 carbon 
10 atoms. Preferred examples thereof include cycloalkyl groups having 3 to 8 carbon atoms (e.g., cyclopentyl and cy- 
clohexyl). 

[0074] The alkoxy groups represented by R 1c to R 5c may be either linear or branched or cyclic. Examples thereof 
include alkoxy groups having 1 to 10 carbon atoms. Preferred examples thereof include linear or branched alkoxy 
groups having 1 to 5 carbon atoms (e.g., methoxy, ethoxy, linearorbranchedpropoxy, linear or branched butoxy, and 
15 linear or branched pentoxy) and cyclic alkoxy groups having 3 to 8 carbon atoms (e.g., cyclopentytoxy and cyclohex- 
yloxy). 

[0075] It is preferred that any of R 1c to R 5c be a linear or branched alkyl group, cycloalkyl group, or linear, branched, 
or cyclic alkoxy group. It is more preferred that the total number of carbon atoms in R 1c to R 5c be. from 2 to 15. This 
compound has further improved solubility in solvents and is inhibited from generating particles during storage. 
20 [0076] Examples of the alkyl groups and cycloalkyl groups represented by R x and R y include the same groups as 
those enumerated above as examples of the alkyl groups and cycloalkyl groups represented by R 1c to R 5c . Preferred 
are 2-oxoalkyl groups and alkoxycarbonylmethyl groups. 

[0077] Examples of the 2-oxoalkyl groups include those alkyl and cycloalkyl groups represented by R 1c to R 7c which 
each have >C=0 in the 2-position. 

25 [0078] Examples of the alkoxy groups in the alkoxycarbonylmethyl groups include-the same groups as those enu- 
merated above as examples of the alkoxy groups represented by Ri c to R 5c . 
[0079] Examples of the group formed by the bonding of Rx and Ry include butylene and pentylene. 
[0080] R x and R y each preferably are an alkyl group having 4 or more carbon atoms or a cycloalkyl group, and more 
preferably are an alkyl group having 6 or more, especially preferably 8 or more carbon atoms or a cycloalkyl group. 

30 [0081] In general formulae (Zll) and (ZIN), R 204 to R 207 each independently represent an aryl group, alkyl group, or 
cycloalkyl group. 

[0082] The aryl groups represented by R 204 to R 207 preferably are phenyl or naphthyl, and more preferably are phenyl. 
[0083] The alkyl groups represented by R 204 to R 207 may be either linear or branched. Preferred examples thereof 
include linear or branched alkyl groups having 1 to 10 carbon atoms (e.g., methyl, ethyl, propyl, butyl, and pentyl). 
35 [0084] Preferred examples of the cycloalkyl groups represented by R 204 to R 207 include cycloalkyl groups having 3 
to 10 carbon atoms (e.g., cyclopentyl, cyclohexyl, and norbornyl). 

[0085] The aryl, alkyl, and cycloalkyl groups represented by R 204 to R 207 may have substituents. Examples of the 
substituents which may be possessed by the aryl, alkyl, and cycloalkyl groups represented by R 204 to R 207 include 
alkyl groups (e.g., ones having 1 to 15 carbon atoms), cycloalkyl groups (e.g., ones having 3 to 15 carbon atoms), aryl 
40 groups (e.g., ones having 6 to 15 carbon atoms), alkoxy groups (e.g., ones having 1 to 15 carbon atoms), halogen 
atoms, hydroxyl, and phenylthio. 

[0086] X- represents a non-nucleophilic anion, which is the same as the non-nucleophilic anion X" in general formula 



[0087] Other especially effective examples of the compound to be used in the invention which decomposes upon 
45 irradiation of an actinic ray to generate an acid include compounds represented by the following formulae (ZIV) to (ZVII). 



(Zl). 



(Zl). 



o 





„0-S0 2 -R : 



'206 



50 



R-S 



S-R 




(ZIV) 



(ZV) 



(ZYT) 



(ZVII) 



55 



[0088] In general formulae (ZIV) to (ZVII), 

Ar 3 and Ar 4 each independently represent an aryl group. 
[0089] R 206 represents an alkyl group, cycloalkyl group, or aryl group. 
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[0090] Symbol A represents an alkylene group, alkenylene group, or arylene group. 
[0091] R represents an alkyl group, cycloalkyl group, or aryl group. 

[0092] R 20 7 represents an electron-attracting group, and preferably represents a cyano or fluoroalkyl group. 
[0093] R 20 8 represents an alkyl group, cycloalkyl group, or aryl group. 

[0094] More preferred of those compounds which generate an acid upon irradiation with an actinic ray are the com- 
pounds represented by general formulae (Zl) to (Zlll). 

[0095] Even more preferred of the compounds which generate an acid upon irradiation with an actinic ray are the 
sulfonium salts represented by general formula (Zl). Especially preferred are the sulfonium salts having one or more 
carbonyl groups. Most preferred are the compounds (Z1-2) having a 2-oxoalkyl group as any of R 20 i to R 20 3 or the 
compounds represented by general formula (Z1-3). Use of such a compound having a carbonyl group improves, in 
particular, sensitivity. 

[0096] Examples of the especially preferred compounds which generate an acid upon irradiation with an actinic ray 
are shown below. 



( OK CF 3 S °3- ( OH C4F9S ° 3 " ( CbF " S ° 3 " 

3 3 (z3) 

(zl) (z2) 
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-K> 



S+ C4F9SO3- BuO 
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[2] (B) Resin Having Fluorine Atom and Having Group that increases Solubility of the Resin in Alkaline Developer by 
the Action of Acid 

[0097] The positive photosensitive composition of the invention contains a fluorine atom-containing resin having a 
group that increases a solubility of the resin in an alkaline developer by the action of an acid (a fluorine atom-containing 
resin having a groups which dissociate by the action of an acid to enhance solubility in an alkaline developer) (here- 
inafter referred to also as "fluorine atom-containing resin"). 

[0098] The fluorine atom-containing resin is a resin which has at least one fluorine atom bonded to the main chain 
and/or side chains thereof. Examples thereof include resins having repeating units represented by any of the following 
general formulae (I) to (X). 

[0099] The fluorine atom-containing resin preferably is a resin having at least one fluorine atom bonded to the main 
chainthereof . For example, aresinhavingatleastonerepeating unit represented by any of the following general formulae 
(I) to (III) and further having at least one repeating unit represented by any of the following general formulae (IV) to (X) 
is preferred. 

[0100] Preferably, the fluorine atom-containing resin has a repeating unit having from 1 to 3 groups represented by 
formula (A-1) : 

CF 3 

-j-o-R 1a (A-1) 

CF 3 



wherein R 1a represents a hydrogen atom, an alkyl group, a cycloalkyl group, an acyl group, an alkoxycarbonyl group, 
or a group which dissociates by the action of an acid. Preferably, R 1a represents a hydrogen atom 
[0101] Examples of the repeating unit having from 1 to 3 groups represented by formula (A-1) are those represented 
by formulae (IV) to (VII): 
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•t-c-c-)- 

R 0 Ri 



R 0 0-R 2 



(I) 



(m 



R 3 -0 O— R 4 



(in) 




[0102] In general formulae (I) to (X), 

R 0 and R 1 may be the same or different and each represent a hydrogen atom, fluorine atom, alkyl group, cycloalkyl 
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group, or aryl group. 

[0103] R 2 to R 4 may be the same or different and each represent an alkyl group, cycioalkyl group, or aryl group. 
[0104] R 0 and R.| , R 0 and R 2 , or R 3 and R 4 may be bonded to each other to form a ring. 

[0105] R 1a represents a hydrogen atom, an alkyl group, a cycioalkyl group, an acyl group, an alkoxycarbonyl group, 
5 or a group which dissociates by the action of an acid. 

[0106] R 6 , R 7 , and R Q may be the same or different and each represent a hydrogen atom, halogen atom, alkyl group, 
or alkoxy group. 

[0107] R 9 and R 10 each represent a hydrogen atom, halogen atom, cyano, or alkyl group. 
[0108] R-,1 and R 12 may be the same or different and each represent a hydrogen atom, hydroxyl, halogen atom, 
10 cyano, alkoxy group, acyl group, alkyl group, cycioalkyl group, alkenyl group, aralkyl group, or aryl group. 

[0109] R 13 and R 14 may be the same or different and each represent a hydrogen atom, halogen atom, cyano, or 
alkyl group. 

[011 0] R 15 represents a hydrogen atom, hydroxyalkyl group, alkyl group having one or more fluorine atoms, cycioalkyl 
group having one or more fluorine atoms, alkenyl group having one or more fluorine atoms, aralkyl group having one 
15 or more fluorine atoms, aryl group having one or more fluorine atoms, -C(R 36 ) (R 37 ) (R 38 ), ^(R^) (R 37 ) (OR 39 ), or a 
group represented by the following general formula (XI). 



[0111] R 36 , R 37 , R 38 , and R 39 may be the same or different and each represent an alkyl group, cycioalkyl group, 
alkenyl group, aralkyl group, or aryl group. Two of R 36 , R 37 , and R 38 or two of R 36 , R 37 , and R 39 may be bonded to 
each other to form a ring. 

30 [0112] R4Q represents an alkyl group, cycioalkyl group, alkenyl group, alkynyl group, aralkyl group, or aryl group. 
[0113] Z represents an atomic group which constitutes a mono- or polycyclic alicyclic group in cooperation with the 
carbon atom. 
[0114] 

Rie> R*i7« ar, d ^18 mav De t ne same or different and each represent a hydrogen atom, halogen atom, cyano, 
alkyl group, alkoxy group, or -CO-0-R 15 . 
35 [0115] R 19 , R 20 , and R 21 may be the same or different and each represent a hydrogen atom, fluorine atom, alkyl 
group having one or more fluorine atoms, cycioalkyl group having one or more fluorine atoms, alkenyl group having 
one or more fluorine atoms, aralkyl group having one or more fluorine atoms, aryl group having one or more fluorine 
atoms, alkoxy group having one or more fluorine atoms, or hydroxyalkyl group. 

[0116] A 1 and A 2 each represent a single bond, alkylene group, alkenylene group, cycloalkylene group, arylene 
40 group, bivalent alicyclic group, or bivalent connecting group formedby combining two or more of these, or represent 
-0-CO-R22-. -CO-0-R 23 -, or -CO-N (R 24 ) -R 25 -. 

[01 17] R 22 , R 23 , and R 25 each represent a single bond or a bivalent alkylene, alkenylene, cycloalkylene, or arylene 
group which may have an ether, ester, amide, urethane, or ureido group. 

[0118] R 24 represents a hydrogen atom, alkyl group, cycioalkyl group, aralkyl group, or aryl group. 
45 [0119] Symbol n represents 0 or 1 ; x, y, and z each represent an integer of 0 to 4; and m represents 1 or 2. 
[0120] In general formulae (I) to (XI), 

examples of the alkyl groups include alkyl groups having 1 to 8 carbon atoms. Preferred examples thereof include 
methyl, ethyl, propyl, n-butyl, sec-butyl, t-buty I, hexyl, 2-ethylhexyl, and octyl. 

[0121] The cycioalkyl groups may be monocyclic or polycyclic. The monocyclic groups may be ones having 3 to 8 
50 carbon atoms, and preferred examples thereof include cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, andcyclooctyl. 
Thepolycyclicgroups may be ones having 6 to 20 carbon atoms, and preferred examples thereof include adamantyl, 
norbornyl, isobornyl, camphanyl, dicyclopentyl, ce-pinenyl, tricyclodecanyl, tetracyclododecyl, and androstanyl. In each 
of those monocyclic or polycyclic alkyl groups, one or more of the carbon atoms may have been replaced by a heter- 
oatom, e.g., an oxygen atom. 

55 [0122] Examples of the aryl groups include aryl groups having 6 to 15 carbon atoms . Preferred examples thereof 
include phenyl, tolyl, dimethylphenyl, 2,4,6-trimethylphenyl, naphthyl, anthryl, and 9,10-dimethoxyanthryl. 
[0123] Examples of the aralkyl groups include aralkyl groups having 7 to 12 carbon atoms. Preferred examples 
thereof include benzyl, phenethyl, and naphthylmethyl. 



20 




25 



(XI) 
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[01 24] Examples of the alkenyl groups include alkenyl groups having 2 to 8 carbon atoms. Preferred examples thereof 
include vinyl, allyl, butenyl, and cyclohexenyl. 

[0125] Examples of the alkoxy groups Include alkoxy groups having 1 to 8 carbon atoms. Preferred examples thereof 
include methoxy, ethoxy, n-propoxy, isopropoxy, butoxy, pentoxy, allyloxy, and octoxy. 
5 [0126] Examples of the acyl groups include acyl groups having 1 to 10 carbon atoms. Preferred examples thereof 
include formyl, acetyl, propanoyl, butanoyl, pivaloyl, octanoyl, and benzoyl. 

[01 27] Preferred examples of the alkynyl groups include alkynyl groups having 2 to 5 carbon atoms, such as ethynyl, 
propynyl, and butynyl. 

[0128] Examples of the alkoxycarbonyl groups include isopropoxycarbonyl, t-butoxycarbonyl, t-amyloxycarbonyl, 
10 and 1-methyl-1-cyclohexyloxycarbonyl. Preferred examples thereof include secondary alkoxycarbonyl groups. More 
preferred examples thereof include tertiary alkoxycarbonyl groups. 

[0129] Examples of the halogen atoms include fluorine, chlorine, bromine, and iodine atoms. 
[0130] Preferred examples of the alkylene groups include ones having 1 to 8 carbon atoms, such as methylene, 
ethylene, propylene, butylene, hexylene, and octylene, which may have one or more substituents. 
is [0131] Preferred examples of the alkenylene groups include ones having 2 to 6 carbon atoms, such as ethenylene, 
propenylene, and butenylene, which may have one or more substituents. 

[01 32] Preferred examples of the cycloalkylene groups include ones having 5 to 8 carbon atoms, such as cyclopenty- 
lene and cyclohexylene, which may have one or more substituents. 

[0133] Preferred examples of the arylene groups include ones having 6 to 15 carbon atoms, such as phenylene, 

20 tolylene, and naphthylene, which may have one or more substituents. 

[01 34] The bivalent alicyclic groups may have any polycyclic structure selected from bicyclic, tricyclic, and tetracyclic 
structures and the like. The number of carbon atoms in each bivalent alicyclic group is preferably from 6 to 30, more 
preferably from 7 to 25. Preferred examples of the bivalent alicyclic groups include an adamantane residue (a residue 
formed by removing two hydrogen atoms from adamantane; the same applies hereinafter), noradamantane residue, 

25 decalin residue, tricyclodecane residue, tetracyclododecane residue, and norbornane residue. More preferred exam- 
ples of the bivalent alicyclic groups include an adamantane residue and a norbornane residue. 
[0135] The ring formed by the bonding of R 0 and R 1t R 0 and R 2 , or R 3 and R 4 is, for example, a 5- to 7-membered 
ring. Examples thereof include a fluorine-substituted pentane ring, hexane ring, furan ring, dioxole ring, and 1 ,3-diox- 
olane ring. 

30 [0136] The ring formed by the bonding of two of R 36 to R 38 or two of R^ to R 37 and R 39 is, for example, a 3- to 
8-membered ring. Preferred examples thereof include a cyclopropane ring, cyclopentane ring, cyclohexane ring, furan 
ring, and pyran ring. 

[0137] Z represents an atomic group constituting a mono- or polycyclic alicyclic group. Examples of the alicyclic 
group formed are as follows. The monocyclic group may be one having 3 to 8 carbon atoms, and preferred examples 
35 thereof include cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. The polycyclic group may be one 
having 6 to 20 carbon atoms, and preferred examples thereof include adamantyl, norbornyl, isobornyl, camphanyl, 
dicyclopentyl, ot-pinenyl, tricyclodecanyl, tetracyclododecyl, and androstanyl. 

[0138] The alkyl, cycloalkyl, aryl, aralkyl, alkenyl, alkoxy, acyl, alkynyl, alkoxycarbonyl, alkylene, alkenylene, cy- 
cloalkylene, arylene, and other groups described above may have no substituent or may have substituents. Examples 

40 of substituents which may be possessed by the alkyl, cycloalkyl, aryl, aralkyl, alkenyl, alkoxy, acyl, alkynyl, alkoxycar- 
bonyl, alkylene, alkenylene, cycloalkylene, arylene, and other groups include alkyl groups, cycloalkyl groups, aryl 
groups, groups having active hydrogen, such as amino, amide, ureido, urethane, hydroxyl, and carboxyl groups, hal- 
ogen atoms (fluorine, chlorine, bromine, and iodine atoms), alkoxygroups (e.g., methoxy, ethoxy, propoxy, and butoxy), 
thioether groups, acyl groups (e.g., acetyl, propanoyl, and benzoyl ) , acyloxy groups (e.g., acetoxy, propanoyloxy, and 

45 benzoyloxy), alkoxycarbonyl groups (e.g., methoxycarbonyl, ethoxycarbonyl, and propoxycarbonyl), cyano, and nitro. 
[0139] Examples of the alkyl groups, cycloalkyl groups, and aryl groups include those shown above. The alkyl groups 
may be further substituted with one or more fluorine atoms or cycloalkyl groups. 

[0140] Examples of the groups which are contained in the fluorine atom-containing resin and dissociate by the action 
of an acid to enhance solubility in an alkaline developer (hereinafter referred to also as "acid-dissociable groups") 

so include -0-C(R 36 ) (R 37 ) (R^) , -O-C (R 01 ) (R 02 ) (OR 39 ). -0-C( R 36 ) (R 37 ) (OR 39 ), -0-COO-C(R 36 ) (R 37 ) (R 38 ). -O-C 
(R01) (R02) COO-C(R 36 ) (R 37 ) (R 38 ), -COO-C(R 36 ) (R 37 ) (R 38 ), and -COO-C(R 36 ) (R 37 ) (OR 39 ). 
[0141] R 36 to R 39 have the same meanings as the R 36 to R 39 in R 15 in general formulae (VIII) and (IX). R 01 and R 02 
each represent a hydrogen atom or an alkyl, cycloalkyl, alkenyl, aralkyl, or aryl group which may have one or more of 
the substituents shown above. 

55 [0142] Preferred examples thereof include ether or ester groups of a tertiary alkyl group such as t-butyl, t-amyl, 
1-alkyl-1 -cyclohexyl, 2-alkyl-2-adamantyl, 2-adamantyl-2-propyl, or 2-(4-methylcyclohexyl)-2-propyl; acetal or acetal 
ester groups of 1 -alkoxy-1 -ethoxy, tetrahydropyranyl, or the like; t-alkyl carbonate groups; and t-alkylcarbonylm ethoxy 
groups. 



14 



EP 1 505 439 A2 



[0143] The groups which dissociate by the action of an acid to enhance solubility in an alkaline developer can be 
formed, for example, as -OR 1a groups in repeating units represented by any of general formulae (IV) to (VII) or as 
-COOR 15 groups in repeating units represented by any of general formulae (VIII) to (IX). 

[01 44] Specific examples of the repeating structural units represented by general formulae (I) to (X) are shown below, 
but the repeating units in the invention should not be construed as being limited to these examples. 
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[0145] The fluorine atom-containing resin preferably further has repeating units represented by the following general 
formula (XII). 
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[0146] In general formula (XII), R a1 to R a3 each independently represent a hydrogen atom, halogen atom, cyano, or 
alkyl group. R a4 represents a hydrogen atom, halogen atom, hydroxyl, cyano, alkyl group, aryl group, alkoxy group, or 
aralkyl group. Symbol n represents an integer of 1 to 5. When n is 2 or larger, the two or more R a4 's may be the same 
20 or different. (Z) represents an alicyclic hydrocarbon group. Q represents hydroxyl or an acid-dissociable group. and 
L 2 each independently represent a single bond or a bivalent connecting group. 

[0147] In general formula (XII), examples of the halogen atoms represented by R a1 to R a3 and R a4 include fluorine, 
chlorine, bromine, and iodine atoms. 

[0148] The alkyl groups represented by R a1 to R a3 and R^ and the alkyl group in the alkoxy group represented by 
25 R a 4 preferably are alkyl groups having 1 to 5 carbon atoms. Examples thereof include methyl, ethyl, and propyl. 

[0149] The aryl group represented by R^ preferably is an aryl group having 6 to 1 0 carbon atoms. Examples thereof 
include phenyl, tolyl, and naphthyl. 

[0150] The aralkyl group represented by R a4 preferably is an aralkyl group having 7 to 12 carbon atoms. Examples 
thereof include benzyl, phenethyl, naphthylmethyl, and naphthylethyl. 
30 [0151] The alkyl, alkoxy, aryl, aralkyl, and other groups represented by R a1 to R a3 and R a4 may have no substituent 
or may have substituents. 

[0152] Examples of substituents which may be possessed by the alkyl, alkoxy, aryl, aralkyl, and other groups rep- 
resented by R a1 to R a3 and R^ include halogen atoms, e.g., chlorine, hydroxyl, alkoxy groups (preferably having 1 to 
3 carbon atoms) , and cyano. 

35 [0153] R a4 preferably is a hydrogen atom, fluorine atom, trifluoromethyl, hydroxyl, cyano, methyl, or ethyl. 

[01 54] Examples of the alicyclic hydrocarbon group represented by (Z) include ones generally having 7 to 30 carbon 
atoms, preferably having 7 to 20 carbon atoms, more preferably having 7 to 1 5 carbon atoms. The alicyclic hydrocarbon 
group may be monocyclic orpolycyclic. Specific examples thereof include a cycloheptane residue, cyclooctane residue, 
norbornane residue, adamantane residue, tricyclodecane residue, and tetracyclododecane residue. Preferred exam- 

40 pies thereof include a norbornane residue, adamantane residue, tricyclodecane residue, and tetracyclododecane res- 
idue. 

[0155] Examples of the acid-dissociable group represented by Q include the acid-dissociable groups enumerated 
above. 

[0156] Examples of the bivalent connecting groups represented by L, and Lg include alkylene groups, cycloalkylene 
45 groups, alkenylene groups, arylene groups, -0-R 22a -, -O-CO-R^t,-, -CO-OR^-, and -CO-N(R 22d ) -R 22e -. wnicn eacn 
may have one or more substituents. R 22a , R 22b , R 22c , and R 22e each represent a single bond or a bivalent alkylene, 
cycloalkylene, alkenylene, or arylene group which may have an ether, ester, amide, urethane, or ureido group. R&d 
represents a hydrogen atom or an alkyl, cycloalkyl, aralkyl, or aryl group which may have one or more substituents. 
[0157] Examples of the alkylene group include linear and branched alkylene groups. Specific examples thereof in- 
50 elude ones having 1 to 8 carbon atoms, such as methylene, ethylene, propylene, butylene, hexylene, and octylene. 
[01 58] Examples of the cycloalkylene group include monocyclic residues such as cyclopentylene and cyclohexylene 
and polycyclic residues such as a norbornane framework and adamantane framework (each having 5 to 12 carbon 
atoms). 

[0159] Preferred examples of the alkenylene group include ones having 2 to 6 carbon atoms, such as ethenylene, 
55 propenylene, and butenylene, which may have one or more substituents. 

[0160] Examples of the arylene group include ones having 6 to 15 carbon atoms, such as phenylene, tolylene, and 
naphthylene, which may have one or more substituents. 

[0161] Examples of substituents which may be possessed by the bivalent connecting groups represented by L 1 and 
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L 2 include halogen atoms such as fluorine and chlorine atoms and cyano. Fluorine atoms are preferred. 

[0162] Specific examples of the repeating structural units represented by general formula (XII) are shown below, but 

the repeating units in the invention should not be construed as being limited to these examples. 
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-(-CH 2 -CH-}- _£_ CH;rCH _j- 




[0163] The fluorine atom-containing resin may further have at least one repeating unit represented by the following 
general formulae (XIII) to (XV). 



34 



EP 1 505 439 A2 



j*42 

iy^A ^CH 2 -CH)- tCH 2 C-f 

A °" R 41 A 5-CN 

o o o 
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[0164] In the formulae, R 41 represents an alkyl group, cycloalkyl group, aralkyl group, or aryl group. 
[0165] R 42 represents a hydrogen atom, halogen atom, cyano, or alkyl group. 

[0166] A 5 represents a single bond, a bivalent alkylene, alkenylene, cycloalkylene, or arylene group, or a group 
represented by -0-CO-R 22 -, -CO-0-R 23 -, or -CO-N(R 24 )-R 25 -. 

[0167] R 22 , R 23 , and R^ may be the same or different, and each represent a single bond or a bivalent alkylene, 
alkenylene, cycloalkylene, or arylene group which may have an ether, ester, amide, urethane, or ureido group. 
[0168] R 24 represents a hydrogen atom or an alkyl, cycloalkyl, aralkyl, or aryl group which may have one or more 
substituents. 

[0169] Specific examples of the repeating structural units represented by general formula (XIII) to (XV) are shown 
below, but the repeating units in the invention should not be construed as being limited to these examples. 
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[0170] Besides monomers for forming the repeating structural units shown above, other polymerizable monomers 
may be copolymerized in producing the fluorine atom-containing resin. 

[0171] When the fluorine atom-containing resin is used for exposure to ArF excimer laser, then the resin preferably 
has a fluorine atom-containing repeating unit and a repeating unit with no fluorine atom. 

[0172] Examples of the fluorine atom-containing repeating unit those represented by formulae (I) to (VII) mentioned 
above. The repeating units of formulae (IV) to (VII) are preferred. 

[0173] Examples of the repeating unit with no fluorine atom are those of the following (a) to (c): 



(a) monocyclic or polycyclic, alicyclic hydrocarbon structure-having, acid-dissociating repeating unit; 

(b) lactone structure-having repeating unit; 

(c) monocyclic or polycyclic, alicyclic hydrocarbon structure and hydroxyl group-having repeating unit. 

(a) Monocyclic or polycyclic, alicyclic hydrocarbon structure-having, acid-dissociating repeating unit: 

[0174] Preferably, the monocyclic or polycyclic, alicyclic hydrocarbon structure-having, acid-dissociating repeating 
unit is an acid-dissociating repeating unit having an alicyclic hydrocarbon structure represented by any of the following 
general formulae (pi) to (pVI): 
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[0175] In formulae (pi) to (pVI), 

R^ represents a methyl group, an ethyl group, an n-propyl group, an Isopropyl group, an n-butyl group, an Isobutyl 
group, or a sec-butyl group; Z represents an atomic group necessary for forming a cycloalkyl group along with the 
carbon atom in the formula; 

R 12 to R 16 each independently represents a linear or branched alkyl group having from 1 to 4 carbon atoms, or 
a cycloalkyl group, provided that at least one of R 12 to R 14 or any of R 15 or R 16 is a cycloalkyl group; 

R 17 to R 21 each independently represents a hydrogen atom, a linear or branched alkyl group having from 1 to 4 
carbon atoms, or a cycloalkyl group, provided that at least one of R 17 to R 2 i is a cycloalkyl group, and any of R 19 or 
R 21 is a linear or branched alkyl group having from 1 to 4 carbon atoms, or a cycloalkyl group; 

R22 *° ^25 eacn independently represents a hydrogen atom, a linear or branched alkyl group having from 1 to 4 
carbon atoms, or a cycloalkyl group, provided that at least one of R 22 to R 25 is a cycloalkyl group, and R 23 and R 24 
may bond to each other to form a ring. 

[0176] In formulae (pi) to (pVI), the alkyl group for R 12 to R 25 is a linear or branched alkyl group having from 1 to 4 
carbon atoms. It includes, for example, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, andt-butyl. 
[0177] The alkyl group may be substituted, and the substituent for it includes an alkoxy group having from 1 to 4 
carbon atoms, a halogen atom (fluorine, chlorine, bromine, iodine), an acyl group, an acyloxy group, a cyano group, 
a hydroxyl group, a carboxyl group, an alkoxycarbonyl group, and a nitro group. 

[0178] The cycloalkyl group for R^ to R^, and the cycloalkyl group which Z forms together with the carbon atom in 
the formulae may be monocyclic or polycyclic. Concretely, it includes monocyclo, bicyclo, tricyclo and tetracyclo struc- 
tures having 5 or more carbon atoms. The number of the carbon atoms constituting the group is preferably from 6 to 
30, more preferably from 7 to 25. The cycloalkyl group may be substituted. 

[0179] Preferred examples of the cycloalkyl group are adamantyl, noradamantyl, decalyl, tricyclodecanyl, tetracy- 
clododecanyl, norbornyl, cedrolyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecanyl, and cyclododecanyl. More pre- 
ferred are adamantyl, decalyl, norbornyl, cedrolyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecanyl, and cyclododeca- 
nyl. 

[0180] The substituent for the cycloalkyl group includes an alkyl group, a halogen atom, a hydroxyl group, an alkoxy 
group, a carboxyl group, and an alkoxycarbonyl group. The alkyl group is preferably a lower alkyl group such as methyl, 
ethyl, propyl, isopropyl, and butyl. More preferably, it is selected from methyl, ethyl, propyl, and isopropyl. The alkoxy 
group may have from 1 to 4 carbon atoms, includingmethoxy, ethoxy, propoxy, and butoxy. The substituent for the alkyl, 
alkoxy and alkoxycarbonyl groups that may be optionally substituted includes a hydroxyl group, a halogen atom, and 
an alkoxy group. 

[0181] The acid-dissociable repeating unit having the alicyclic hydrocarbon structure represented any of formulae 
(pi) to (pVI) is preferably one represented by the following general formula (pA): 



50 



55 




(PA) 



A-C-O— Fi- 
ll 

O 



37 



EP 1 505 439 A2 



[0182] In the formula, R represents a hydrogen atom, a halogen atom, or a linear or branched alkyl group having 
from 1 to 4 carbon atoms; multiple Rs may be the same or different; 

A represents a single bond, an alkylene group, an ether group, a thioether group, a carbonyl group, an ester 
group, an amido group, a sulfonamido group, an urethane group, or an urea group, or a combination of two or more 
of them; 

Ra represents a group of formulae (pi) to (pVI). 
[0183] The acid-dissociable repeating unit having the monocyclic or polycyclicalicyclic hydrocarbon structure is most 
preferably a repeating unit of 2-alkyl-2-adamantyl (meth) acrylate or dialkyl (1 -adamantyl) methyl (meth) acrylate. 
[0184] Specific examples of the acid-dissociable repeating unit having the monocyclic or polycyclic alicyclic hydro- 
carbon structure are mentioned below. 
[0185] (In the following formulae, Rx represents H or CH 3 .) 





38 



EP 1 505 439 A2 



** ?* / __ I 



-f<Hr|4- ^-p- 

17 18 * 9 




(b) Lactone structure-having repeating unit: 



[0186] The lactone structure- having repeating unit is, for example, a unit having a lactone structure represented by 
any of the following general formula (Lc) or the following general formulae (V-1) to (V-5): 





[0187] In formula (Lc) , Ra 1f Rb 1t Rc 1f Rd 1 and Re 1 each independently represents a hydrogen atom or an alkyl 
group, m and n each independently represents an integer of from 0 to 3; and m + n is from 2 to 6. 
[0188] In formulae (V-1) to (V-5), R 1b to R 5b each independently represents a hydrogen atom, an alkyl group, a 
cycloalkyl group, an alkoxy group, an alkoxycarbonyl group, an alkylsulfonylimino group, or an alkenyl group. Two of 
R 1b to R 5b may bond to each other to form a ring. 

[0189] The alkyl group for Ra^ to Re 1 in formula (Lc), and the alkyl group and the alkyl moiety of the alkoxy group, 
the alkoxycarbonyl group and the alkylsulfonylimino group for R 1b to R 5b in formulae (V-1) to (V-5) may be a linear or 
branched alkyl group, and may be substituted. Preferred examples of the substituent for the group are a hydroxyl 
group, a halogen atom, a carboxyl group, an alkoxy group, an acyl group, a cyano group, an acyloxy group, and a 
cycloalkyl group. 

[0190] The repeating unit having the lactone structure-having group of any of formula (Lc) or formulae (V-1) to (V-5) 
is, for example, a unit represented by the following general formula (Al): 
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[0191] In formula (Al), R b0 represents a hydrogen atom, a halogen atom, or an alkyl group having from 1 to 4 carbon 
15 atoms. The alkyl group for R b0 may be substituted. For preferred examples of the substituent for the alkyl group for 
RbQ, referred to are those mentioned hereinabove for the preferred examples of the substituent for the optionally- 
substituted alkyl group for R 1b in formulae (V-1) to (V-5). 

[0192] The halogen atom for may includes fluorine, chlorine, bromine and iodine. R b0 is preferably a hydrogen 
atom. 

20 [0193] ^ represents a single bond, or a divalent group of an ether group, an ester group, a carbonyl group, an 
alkylene group, or their combination. 

[0194] V represents a group of formula (Lc) orformulae (V-1) to (V-5). 

[0195] Specific examples of the lactone structure-having repeating unit are mentioned below, to which, however, the 
invention should not be limited. 
25 [0196] (In the formulae, Rx represents H or CH 3 .) 




40 



EP 1 505 439 A2 






[0198] (In the formulae, Rx represents H or CH 3 .) 




41 



EP 1 505 439 A2 




(c) Monocyclic or polycyclic, alicyclic hydrocarbon structure and hydroxy! group-having repeating unit: 

[01 99] The monocyclic or polycyclic, alicyclic hydrocarbon structure and hydroxyl group-having group is, for example, 
adamantane skeleton-having group represented by the following general formula (VII): 




(VII) 



R 3c 

[0200] In formula (VII), R 2c to each independently represents a hydrogen atom or a hydroxyl group, provided 
that at least one of R 2c to R^ is a hydroxyl group. 

[0201] The groups of formula (VII) are preferably dihydroxy or monohydroxy groups, more preferably monohydroxy 
groups. 

[0202] Repeating unit having the group of formula (VII) is, for example, one of the following general formula (All): 
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^CH 2 -C-)- 
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0 (All) 




R 3c 



[0203] In formula (All), R 1c represents a hydrogen atom or a methyl group. 

[0204] R 2c to R 4c each independently represents a hydrogen atom or a hydroxyl group, provided that at least one of 
R 2c to R^ is a hydroxyl group. Preferably, two of R 2c to R^ are hydroxyl groups. 

[0205] Specific examples of the monocyclic or polycyclic, alicyclic hydrocarbon structure and hydroxyl group-having 
repeating unit are mentioned below, to which, however, the invention should not be limited. 



OH 




O 



[0206] The fluorine atom-containing resin that has fluorine an atom-containing repeating unit and has a repeating 
unit with no fluorine atom may be copolymerized with any other comonomer in addition to the above-mentioned re- 
peating units. 

[0207] In the fluorine atom-containing resin, the total content of repeating units represented by general formulae (I) 
to (X) is generally from 2 to 80% by mole, preferably from 5 to 70% by mole, more preferably from 1 0 to 60% by mole, 
based on the whole polymer composition. 

[0208] In the case where the fluorine atom-containing resin has repeating units represented by general formulae (I) 
to (III) and repeating units represented by general formulae (IV) to (X) , the content of the repeating units represented 
by general formulae (I) to (III) is generally from 1 0 to 70% by mole, preferably from 20 to 60% by mole, more preferably 
from 30 to 50% by mole, based on the whole polymer composition. 

[0209] In the case where the fluorine atom-containing resin has repeating units represented by general formulae (I) 
to (III) and repeating units represented by general formulae (IV) to (X) , the content of the repeating units represented 
by general formulae (IV) to (X) is generally from 1 0 to 65% by mole, preferably from 1 5 to 60% by mole, more preferably 
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from 20 to 40% by mole, based on the whole polymer composition. 

[0210] The content of repeating units represented by general formula (XII) in the fluorine atom-containing resin is 
generally from 20 to 80% by mole, preferably from 30 to 70% by mole. 

[0211] The content of repeating units represented by general formulae (XIII) to (XV) in the fluorine atom -containing 
s resin is generally from 0 to 70% by mole, preferably from 1 0 to 60% by mole, more preferably from 20 to 50% by mole. 
[021 2] When the fluorine atom-containing resin has repeating units having the group of formula (A-1 ), then the content 
of the repeating units having the group of formula (A-1) in the resin may be generally from 5 to 70 mol%, but preferably 
from 1 0 to 50 mol%. 

[0213] When the fluorine atom-containing resin has fluorine atom-containing repeating units and has repeating units 
10 with no fluorine atom, then the content of the fluorine atom-containing repeating units in the resin may be generally 
from5to 70 mol%, preferably from 10 to 50 mol%, more preferably from 10to30 mol% of the total polymer composition. 
[0214] When the fluorine atom-containing resin has fluorine atom-containing repeating units and has repeating units 
with no fluorine atom, then the content of the repeating units with no fluorine atom in the resin may be generally from 
5 to 70 mol%, preferably from 10 to 50 mol%, more preferably from 10 to 30 mol% of the total polymer composition. 
15 [0215] In the fluorine atom-containing resin, the content of repeating units having a group which dissociates by the 
action of an acid to enhance solubility in an alkaline developer is generally from 5 to 70% by mole, preferably from 1 0 
to 65% by mole, more preferably from 1 5 to 50% by mole, based on the whole polymer composition. 
[0216] The repeating structural units examples of which were shown above each may be used alone, i.e., as the 
only one kind of repeating units, or may be used as a mixture of two or more thereof. 
20 [0217] The molecular weight of the fluorine atom-containing resin to be used is in the range of preferably from 1 ,000 
to 200,000, more preferably from 3,000 to 20,000, in terms of weight-average molecular weight. The molecular-weight 
distribution thereof is in the range of generally from 1 to 10, preferably from 1 to 3, more preferably from 1 to 2. The 
narrower the molecular-weight distribution, the better the resolution, resist shape, resist pattern side-wall smoothness, 
and roughness diminution. 

25 [0218] From the standpoint of further diminishing development defects, the content of components having a molec- 
ular weight of 1,000 or lower in the fluorine atom-containing resin is preferably reduced to 15% by weight or lower, 
preferably 1 0% by weight or lower, more preferably 8% by weight or lower. 

[0219] The diminution of low-molecular components can be accomplished by a fractional treatment in which a resin 
obtained by a polymerization reaction is dissolved in a good solvent and a poor solvent is added to the solution to 
30 precipitate high-molecular components. 

[0220] The amount of the fluorine atom-containing resin to be added is in the range of generally from 50 to 1 00% by 
weight, preferably from 60 to 98% by weight, more preferably from 65 to 95% byweight, based on all solid components 
of the composition. 

[0221] In the invention, the compound which generates an acid upon irradiation with an actinic ray is incorporated 
35 in an amount of from 5 to 20 parts by weight per 1 00 parts by weight of the fluorine atom-containing resin. The amount 
of the compound per 1 00 parts by weight of the fluorine atom -containing resin is more preferably from 5 to 1 6 parts by 
weight, even more preferably from 6 to 15 parts by weight, most preferably from 7 to 12 parts byweight. By incorporating 
the compound generating an acid upon irradiation with an actinic ray in an amount of from 5 to 20 parts by weight per 
1 00 parts by weight of the fluorine atom-containing resin, line edge roughness can be diminished while attaining high 
40 sensitivity and a rectangular pattern profile can be obtained. 

[3] (C) Fluorochemical and/or Silicone Surfactant 

[0222] The positive photosensitive composition of the invention preferably further contains (C) any one of or two or 
45 more of fluorochemical and/or silicone surfactants (fluorochemical surfactants, silicone surfactants, and surfactants 
containing both fluorine atoms and silicon atoms). 

[0223] When the positive photosensitive composition of the invention contains the surfactant (C) , it can show sat- 
isfactory sensitivity and resolution when irradiated with an exposure light having a wavelength of 250 nm or shorter, 
especially 220 nm or shorter, and give a resist pattern having satisfactory adhesion and reduced in development de- 
so fects. 

[0224] Examples of those surfactants (C) include the surfactants described in JP-A-62-36663, J P-A-6 1-226746, 
JP-A-61 -226745, JP-A-62-1 70950, JP^-63-34540, JP^A-7-230165, JP-A-8-62834, JP-A-9-54432, JP-A-9-5988, 
JP-A-2002-277862, and U.S. Patents 5,405,720, 5,360,692, 5,529,881, 5,296,330, 5,436,098, 5,576,143, 5,294,511, 
and 5,824,451 . It is also possible to use the following commercial surfactants as they are. 
55 [0225] Examples of usable commercial surfactants include fluorochemical or silicone surfactants such as F-Top 
EF301 and FE303 (manufactured by New Akita Chemical Company), Fluorad FC430 and 431 (manufactured by Sum- 
itomo 3M Ltd.), Megafac F171, F173, F176, F189, and R08 (manufactured by Dainippon Ink & Chemicals, Inc.), Surflon 
S-382 and SC101, 102, 103, 104, 105, and 106 (manufactured by Asahi Glass Co., Ltd.), and Troysol S-366 (manu- 
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factured by Troy Chemical Co., Ltd.). Polysiloxane polymer KP-341 (manufactured by Shin-Etsu Chemical Co., Ltd.) 
can also be used as a silicone surfactant. 

[0226] Also usable besides the known surfactants shown above is a surfactant comprising a polymer having a fluor- 
oaliphatic group and derived from a fluoroaliphatic compound produced by the telomerization method (also called 
telomer method) or oligomerization method (also called oligomer method). The fluoroaliphatic compound can be syn- 
thesized by the method described in JP-A-2002-90991 . 

[0227] The polymer having a fluoroaliphatic group preferably is a copolymer of a monomer having a fluoroaliphatic 
group with a poly(oxyalkylene) acrylate and/or a poly(oxyalkylene) methacrylate. This copolymer may be one in which 
the monomer units are randomly distributed or be a block copolymer. Examples of the poly(oxyalkylene) group include 
poly(oxyethylene), poly(oxypropylene), and poly (oxybutylene) . The poly (oxyalkylene) group may be a unit having, 
in the same chain, alkylenes having different chain lengths, such as a poly (blocks of oxyethylene, oxypropylene, and 
oxyethylene) or poly(blocks of oxyethylene and oxypropylene) group. The copolymer of a monomer having a fluoro- 
aliphatic group with a poly (oxyalkylene) acrylate (or methacrylate) is not limited to binary copolymers, and may be a 
copolymer of three or more monomers which is obtained by copolymerization in which two or more different monomers 
each having a fluoroaliphatic group, two or more different poly (oxyalkylene) acrylates (or methacrylates), etc. are si- 
multaneously copolymerized. 

[0228] Examples of commercial surfactants include Megafac F178, F-470, F-473, F-475, F-476, and F-472 (manu- 
factured by Dainippon Ink & Chemicals, Inc.). Examples of the polymer having a fluoroaliphatic group further include 
a copolymer of an acrylate (or methacrylate) having a C 6 F 13 group with a poly(oxyaikylene) acrylate (or methacrylate), 
a copolymer of an acrylate (or methacrylate) having a C 6 F 13 group with poly(oxyethylene) acrylate (or methacrylate) 
and poly(oxypropylene) acrylate (or methacrylate), a copolymer of an acrylate (or methacrylate) having a C 8 F 17 group 
with a poly (oxyalkylene) acrylate (or methacrylate) , and a copolymer of an acrylate (or methacrylate) having a C 8 F 17 
group with poly(oxyethylene) acrylate (or methacrylate) and poly(oxypropylene) acrylate (or methacrylate). 
[0229] The amount of the surfactant (C) to be used is preferably from 0.0001 to 2% by weight, more preferably from 
0.001 to 1% by weight, based on the total amount of the positive photosensitive composition (excluding the solvent). 

[4] (D) Basic Compound 

[0230] The positive photosensitive composition of the invention preferably contains a basic composition (D) for the 

purpose of diminishing performance changes with the lapse of time from exposure to heating. 

[0231] Preferred examples thereof include structures represented by the following formulae (A) to (E). 



[0232] In formula (A), R 250 , R 251 , and R 252 each independently are a hydrogen atom, an alkyl group having 1 to 20 
carbon atoms, a cycloalkyl group having 3 to 20 carbon atoms, or an aryl group having 6 to 20 carbon atoms, provided 
that R 250 and R 251 may be bonded to each other to forma ring. The alkyl, cycloalkyl, and aryl groups may be unsub- 
stituted or may have one or more substituents. The alkyl or cycloalkyl group having one or more substituents preferably 
is an aminoalkyl group having 1 to 20 carbon atoms, aminocycloalkyl group having 3 to 20 carbon atoms, hydroxyalkyl 
group having 1 to 20 carbon atoms, or hydroxycycioalkyl group having 3 to 20 carbon atoms. 
[0233] Those alkyl groups each may contain an oxygen, sulfur, or nitrogen atom in the alkyl chain. 




R 250 _ N _ R 252 






45 



EP 1 505 439 A2 




(C) 



N— 



- (D 



) 



R 



254 



R 



255 



R 



253 



C— N— C — R 



256 



(E 



) 



[0234] (In the formulae, R 253 , R 254 , R 255 , and R 256 each independently represent an alkyl group having 1 to 6 carbon 
atoms.) 

[0235] Preferred compounds include substituted or unsubstituted guanidine, substituted or unsubstituted aminopyr- 
rolidine, substituted or unsubstituted pyrazole, substituted or unsubstituted pyrazoline, substituted or unsubstituted 
piperazine, substituted or unsubstituted aminomorpholine, substituted or unsubstituted aminoalkylmorpholines, and 
substituted or unsubstituted piperidine. More preferred compounds include compounds having an imidazole structure, 
diazabicyclo structure, on iumhydroxide structure, on ium carboxylate structu re, trialkylamine structure, aniline structure, 
or pyridine structure, alkylamine derivatives having a hydroxyl group and/or ether bond, and aniline derivatives having 
a hydroxyl group and/or ether bond. 

[0236] Examples of the compounds having an imidazole structure include imidazole, 2, 4, 5-triphenylimidazole, and- 
benzimidazole. Examples of the compounds having a diazabicyclo structure include 1,4-diazabicyclo[2.2.2]octane, 
1 ,5-diazabicyclo[9.3.0]non-5-ene, and 1 ,8-diazabicyclo[5.4.0]undec-7-ene. Examples of the compounds having an on- 
ium hydroxide structure include triarylsulfonium hydroxides, phenacylsulfonium hydroxide, and sulfonium hydroxides 
having a 2-oxoalkyl group, and specific examples thereof include triphenylsulfonium hydroxide, tris(t-butylphenyl)sul- 
fonium hydroxide, bis(t-buty!phenyl)iodonium hydroxide, phenacylthiophenium hydroxide, and 2-oxopropylthiophe- 
nium hydroxide. The compounds having an onium carboxylate structure are those compounds having an onium hy- 
droxide structure in which the anion part has been replaced by a carboxylate, and examples thereof include acetates, 
adamantane-1 -carboxylates, and perfluoroalkylcarboxylates. Examples of the compounds having a trialkylamine struc- 
ture include tri(n-butyl)amine and tri (n-octyl) amine. Examples of the aniline compounds include 2,6-diisopropylaniline 
and N,N-dimethylaniline. Examples of the alkylamine derivatives having a hydroxyl group and/or ether bond include 
ethanolamine, diethanolamine, triethanolamine, and tris(methoxyethoxyethyl)amine. Examples of the aniline deriva- 
tives having a hydroxyl group and/or ether bond include N J N-bis(hydroxyethyl)aniline. 

[0237] Those basic compounds maybe used alone or in combination of two or more thereof. The amount of the basic 
compounds to be used is generally from 0.001 to 10% by weight, preferably from 0.01 to 5% by weight, based on the 
solid components of the positive photosensitive composition. From the standpoint of sufficiently obtaining the effect of 
the addition, the amount of the compounds is preferably 0.001% by weight or larger. From the standpoints of sensitivity 
and the developability of unexposed areas, the amount of the compounds is preferably 1 0% by weight or smaller. 

[5] Organic Solvent 

[0238] The positive photosensitive composition of the invention to be used is prepared by dissolving the ingredients 
described above in a given organic solvent. 
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[0239] Examples of usable organic solvents Include ethylene dichloride, cyclohexanone, cyclopentanone, 2-hep- 
tanone, y-butyrolactone, methyl ethyl ketone, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, 
2-methoxyethyl acetate, ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether, propylene glycol 
monomethyl ether acetate, toluene, ethyl acetate, methyl lactate, ethyl lactate, methyl methoxypropionate, ethyl ethox- 
5 ypropionate, methyl pyruvate, ethyl pyruvate, propyl pyruvate, N,N-dimethylformamide, dimethyl sulfoxide, N-methyl- 
pyrrolidone, and tetrahydrofuran. 

[0240] In the invention, such organic solvents may be used alone or as a mixture of two or more thereof. It is, however, 
preferred to use a mixed solvent prepared by mixing at least one solvent containing one or more hydroxyl groups in 
the structure with at least one solvent containing no hydroxyl group. Use of this mixed solvent is effective in diminishing 
10 particle generation during resist fluid storage. 

[0241] Examples of the solvent containing one or more hydroxyl groups include ethylene glycol, ethylene glycol 
monomethyl ether, ethylene glycol monoethyl ether, propylene glycol, propylene glycol monomethyl ether, propylene 
glycol monoethyl ether, and ethyl lactate. Especially preferred of these are propylene glycol monomethyl ether and 
ethyl lactate. 

15 [0242] Examples of the solvent containing no hydroxyl group include propylene glycol monomethyl ether acetate, 
ethyl ethoxypropionate, 2-heptanone, y-butyrolactone, cyclohexanone, butyl acetate, N-methylpyrrolidone, N,N- 
dimethylacetamide, and dimethyl sulfoxide. Especially preferred of these are propylene glycol monomethyl ether ac- 
etate, ethyl ethoxypropionate, 2-heptanone, y-butyrolactone, cyclohexanone, and butyl acetate. Most preferred are 
propylene glycol monomethyl ether acetate, ethyl ethoxypropionate, and 2-heptanone. 

20 [0243] The proportion (by weight) of the solvent containing one or more hydroxyl groups to the solvent containing 
no hydroxyl group is generally from 1 /99 to 99/1 , preferably from 1 0/90 to 90/1 0, more preferably from 20/80 to 60/40. 
A mixed solvent in which the content of the solvent containing no hydroxyl group is 50% by weight or higher is especially 
preferred from the standpoint of evenness of application. 

[0244] In the production of precision integrated-circuit elements or in similar processes, the step of resist pattern 
25 formation on a substrate can be conducted in the following manner. The positive photosensitive composition of the 

invention is applied to a substrate (e.g., a silicon substrate coated with silicon dioxide or a transparent substrate such 

as a glass substrate or ITO substrate). The resultant coating is irradiated with an actinic ray using a drawing apparatus 

and then subjected to heating, development, rinsing, anddrying. Thus, a satisfactory resist pattern can be formed. 

[0245] The thickness of the resist film to be formed by applying the positive photosensitive composition of the inven- 
30 tion on a substrate and drying the coating is preferably from 50 to 200 nm. The resist film regulated so as to have a 

thickness of from 50 to 200 nm can have improved dry-etching resistance and pattern profile and have a heightened 

transmittance. 

[0246] The thickness of a resist film can be regulated by changing the solid concentration in the composition, i.e., 
the concentration of the ingredients other than the solvent. The solid concentration in the composition is preferably 

35 from 5 to 1 8% by weight, more preferably from 7 to 15% by weight, especially preferably from 9 to 1 4% by weight. 
[0247] As an alkaline developer for the positive photosensitive composition of the invention can be used an aqueous 
solution of an alkali such as an inorganic alkali, e.g., sodium hydroxide, potassium hydroxide, sodium carbonate, sodium 
silicate, sodium metasilicate, orammoniawater, aprimaryamine, e.g., ethylamine or n-propylamine, a secondary amine, 
e.g., diethylamine or di-n-butylamine, a tertiary amine, e.g., triethylamine or methyldiethylamine, an alcoholamine, e. 

40 g., dimethylethanolamine or triethanolamine, a quaternary ammonium salt, e.g., tetramethylammonium hydroxide, 
tetraethylammonium hydroxide, or choline, or a cyclic amine, e.g., pyrrole or piperldine. It is also possible to use a 
developing solution prepared by adding an appropriate amount of an alcohol, e.g., isopropyl alcohol, or a surfactant, 
e.g., a nonionic one, to an aqueous solution of any of those alkalis. 

[0248] Preferred of those alkaline developers are aqueous solutions of quaternary ammonium salts. More preferred 
45 js an aqueous solution of tetramethyl ammonium hydroxide or choline. 

[0249] The alkali concentration of the alkaline developer is generally from 0.1 to 20% by weight. 
[0250] The pH of the alkaline developer is generally from 1 0.0 to 1 5.0. 

[Examples] 

50 

[0251] The invention will be explained below in greater detail by reference to Examples, but the contents of the 
invention should not be construed as being limited by these Examples. 

<Fluorine Atom-Containing Resins> 

55 

[0252] The structures of the fluorine atom-containing resins (FII-1 ) to (FII-40) used in the Examples are shown below. 
[0253] The weight-average molecular weights and other properties of the fluorine atom-containing resins (FII-1) to 
(FII-40) are shown in Tables 1 and 2. 
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Resin 


Weight-average molecular weight Mw 


Disperslty ratio 


Content of oligomers having molecular 
weight of 1 ,000 or lower 




(FII-1) 


15200 


1.45 


5 


15 


(FII-2) 


24000 


1.75 


8 




(Fli-3) 


18200 


1.85 


7 




(FII-4) 


16500 


1.46 


6 


20 


(FII-5) 


9500 


1.58 


8 


(FII-6) 


19500 


2.02 


8 




(FII-7) 


6500 


1.85 


7 




(FII-8) 


28400 


1.68 


9 


25 


(FII-9) 


28600 


1.44 


5 




(Fll-10) 
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1.65 


8 




(FII-11) 


16800 


1.68 


9 


30 
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6 
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35 


(FII-1 6) 
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40 
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7 


45 
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5 




(FII-24) 


17500 


1.48 


5 




(FII-25) 


16500 


1.52 


6 


50 


(FII-26) 


14600 


1.63 


5 



Table 2 



Resin 


Weight-average molecular weight Mw 


Dispersity ratio 


(FII-27) 


8300 


1.55 


(FII-28) 


8300 


1.62 
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Table 2 (continued) 



Resin 


Weight-average molecular weight Mw 


Dispersity ratio 


(FII-29) 


8000 


1.52 


(FII-30) 


9200 


1.71 


(FII-31) 


10200 


1.47 


(FII-32) 
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1.35 


(FII-33) 


6800 


1.60 


(Fll-34) 


7400 


1.59 


(Fll-35) 


8300 


1.70 


(FII-36) 


4800 


1.55 


(FII-37) 


4700 


1.51 


(FII-38) 


6400 


1.69 


(FII-39) 


9600 


1.70 


(FII-40) 


4600 


1.68 



EXAMPLES 1 TO 20 AND COMPARATIVE EXAMPLES 1 AND 2 
<Resist Preparation 

[0254] The ingredients shown in Table 3 were dissolved in a solvent to prepare a solution having a solid concentration 
of 12% by weight. This solution was filtered through a 0.1 -p.m polytetrafluoroethylene filter to prepare a positive resist 
solution. 
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[0255] The abbreviations used in Table 3 are as follows. 

DBN: 1 ,5-diazabicyclo[4.3.0]non-5-ene 

TPI: 2,4,5-triphenylimidazole 
5 TPSA: triphenylsutfonium acetate 

HEP: N-hydroxyethylpiperidine 

DIA: 2,6-diisopropylaniline 

DCMA: dicyclohexylmethylamine 

TPA: tripentylamine 
10 TOA: tri-n-octylamine 

HAP: hydroxyantipyrine 

TBAH: tetrabutylammonium hydroxide 

TMEA: tris(methoxyethoxyethyl)amine 

PEA: N-phenyldiethanolamine 
15 W-1 : Megafac F1 76 (manufactured by Dainippon Ink & Chemicals, Inc.) (fluorochemical) 

W-2: Megafac R08 (manufactured by Dainippon Ink & Chemicals, Inc.) (fluorochemical and silicone) 

W-3: polysiloxane polymer KP-341 (manufactured by Shin-Etsu Chemical Co., Ltd.) (silicone) 

W-4: Troysol S-366 (manufactured by Troy Chemical Co., Ltd.) A1 : propylene glycol monomethyl ether acetate 

A2: ethyl ethoxypropionate 
20 A3: y-butyrolactone 

B1 : propylene glycol monomethyl ether 

B2: cyclohexanone 

B3: 2-heptanone 

B4: ethyl lactate 

25 

<Resist Evaluation> 

[0256] Each positive resist solution was applied with a spin coater to a silicon wafer treated with hexamethyldisila- 
zane. The coating was dried by heating at 120°C for 90 seconds with a vacuum contact type hot plate to obtain a resist 
30 film having a thickness of 1 00 nm. 

[0257] The resist film obtained was pattern-wise exposed with an illuminator having a wavelength of 1 57 nm. Imme- 
diately after the exposure, the resist film was heated on a hot plate at 120°C for 90 seconds. This resist film was 
developed with a 2.38% by weight aqueous solution of tetramethylammonium hydroxide for 60 seconds and then rinsed 
with pure water. The pattern obtained was evaluated by the following methods. 

35 

[Profile/Sensitivity] 

[0258] The shapes of sections of the pattern obtained were examined with a scanning electron microscope. The 
minimum energy required for forming 0.1 -\wn lines (line/space = 1/1 ) with satisfactory resolution was taken as sensitivity. 

40 

[Line Edge Roughness] 

[0259] In the line pattern (line width, 100 nm; line/space = 1/1), length-direction edges in an area of 5 ujti were 
examined with a length-measuring SEM (S-8840, manufactured by Hitachi, Ltd.) to measure the distance from the 
45 standard line where each edge was to be present. This measurement was made on 50 points. A standard deviation 
was determined and 3o was calculated. The smaller the value thereof, the better the performance. 
[0260] The results of the evaluations are shown in Table 3. 

[0261] It is apparent from Table 3 that the positive photosensitive compositions of the invention have high sensitivity 
and are satisfactory in line edge roughness diminution and profile. 

50 

Examples 21 to 30, and Comparative Example 3: 
< Resist Prepa ratio n> 

55 [0262] The ingredients shown in Table 4 were dissolved in a solvent to prepare a solution having a solid concentration 
of 6 % by mass. This solution was filtered through a 0.1 -ujti polyethylene filter to prepare a positive resist solution. 
Thus prepared, the positive resist solution was evaluated according to the methods mentioned below, and the results 
are shown in Table 4. 
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[0263] The structure, the weight-average molecular weight and the degree of dispersion of the fluorine atom-con- 
taining resins (FII-41) to (FII-50) and the comparative resin (C1) in formula 4 are shown below. 




Mw=9800 
Mw/Mn=2.53 




Mw«8700 
Mw/Mn=1.99 
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Mw=69Q0 
Mw/Mn=2.52 
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(C1) 



CH 3 



^40 




Mw=8500 
Mw/Mn=2.44 



10 [0264] The abbreviations used in Table 4 are as follows. 



N-1: N,N-dibutylaniline 
N-2: N,N-dipropylanlline 
N-3: N,N-dihydroxyethylaniline 
15 N-4: 2,4,5-Triphenylimidazole 

N-5: 2,6-Diisopropylaniline 
N-6: Hydroxyantipyrine 
N-7: Tributylamine 

W-1 : Megafac F176 (from Dai-Nippon Ink Chemical Industry) (fluorine-containing surfactant) 
20 w-2: Megafac R08 (from Dai-Nippon Ink Chemical Industry) (fluorine-containing silicone-based surfactant) 

W-3: Polysiloxane Polymer KP-341 (from Shin-etsu Chemical Industry) (silicone-based surfactant) 

W-4: Troy Sol S-366 (from Troy Chemical) 

SL-1: Cyclopentanone 

SL-2: Cyclohexanone 
25 SL-3: 2-Methylcyclohexanone 

SL-4: Propylene glycol monomethyl ether acetate 

SL-5: Ethyl acetate 

SL-6: Propylene glycol monomethyl ether 
SL-7: 2-Heptanone 
30 SL-8: y-butyrolactone 

SL-9: Propylene carbonate 

[0265] In Table 4, the ratio of multiple solvents is by mass. 



35 <Resist Evaluation> 

[0266] Brewer Science's ARC29A was uniformly applied with a spin coater to a silicon wafer to a thickness of 78 
nm, and dried under heat at 205°C for 60 seconds to form an anti reflection layer thereon. Next, each positive resist 
solution was, immediately after its preparation, applied with a spin coater to the silicon wafer, and dried at 115°C for 
40 90 seconds (PB) to form a 1 70-nm resist film. 

[0267] Using an ArFexcimer laser stepper (byASML, PAS5500/1100, NA = 0.75 (2/3 zonal illumination), the resist 
film was exposed through a mask applied thereto, and immediately after the exposure, this was heated on a hot plate 
at 120°C for 90 seconds (PEB). Further, this was developed with an aqueous 2.38 mas.% tetramethylammonium 
hydroxide solution at 23°C for 60 seconds, rinsed with pure water for 30 seconds, and dried to obtain a resist pattern. 

45 

(Sensitivity) 



[0268] The minimum energy required for reproducing an 80-nm line-and-space 1/1 mask pattern indicates the sen- 
sitivity of the sample tested. 

50 

(Line Edge Roughness) 

[0269] The line edge roughness of the samples tested was determined with a length-measuring scanning electronic 
microscope (SEM). Concretely, in the 80-nm line-and-space 1/1 mask pattern of each sample, the machine-direction 
55 edges in an area of 5 u,m were examined with a length-measuring SEM (S-8840, manufactured by Hitachi, Ltd.) to 
measure the distance from the standard line where each edge was to be present. This measurement was made on 50 
points. A standard deviation was determined and 3a was calculated. The smaller the value thereof, the better the 
performance. 
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(Profile) 

[0270] The cross-sectional profile of the 80-nm line-and-space 1/1 mask pattern was analyzed with a scanning elec- 
tronic microscope. 

s [0271 ] It is apparent from Table 4 that the positive photosensitive compositions of the invention have high sensitivity 
and are satisfactory in line edge roughness diminution and profile. 

Immersion Exposure: 

10 < Resist Prepa ratio n> 

[0272] The ingredients of Examples 21 to 30 were dissolved in a solvent to prepare a solution having a solid con- 
centration of 6 % by mass. This solution was filtered through a 0.1 -u.m polyethylene filter to prepare a positive resist 
solution. Thus prepared, the positive resist solution was evaluated according to the method mentioned below. 

15 

Resolution Evaluation> 

[0273] An organic anti reflection chemical ARC29A (from Nissan Chemical) was applied to a silicon wafer, and baked 
at 205°C for 60 seconds to form thereon a 78-nm antireflection film. The positive resist composition was applied onto 

20 jt, and baked at 115°C for 60 seconds to form thereon a 150-nm resist film. Using pure water for immersion therein, 
the wafer was subjected to two-beam interference exposure (in wet) as shown in Fig. 1 . Concretely, in the two-beam 
interference exposure (in wet) , a laser 1 , a diaphragm 2, a shutter 3, three reflective mirrors 4,5,6, and collector lens 
7 were used, and the wafer 10 was exposed via a prism 8 and the immersion liquid 9 (pure water). The laser 1 has a 
wavelength of 193 nm, and the prism 8 forms a 65 nm, line-and-space pattern. Immediately after the exposure, the 

25 wafer was heated at 1 15°C for 90 seconds, then developed with an aqueous tetramethylammonium hydroxide solution 
(2.38 mass%) for 60 seconds, rinsed with pure water, and spin-dried. Thus formed, the resist pattern was analyzed 
with a scanning electronic microscope (Hitachi's S-9260), and its resolution was on a level of 65-nm line-and-space 
resolution. 

[0274] This confirms that the positive photosensitive compositions of the invention have good image forming ability 
30 even in immersion exposure. 

[0275] According to the invention, a positive photosensitive composition having high sensitivity and satisfactory in 
line edge roughness diminution and profile can be provided. 

[0276] The entire disclosure of each and every foreign patent application from which the benefit of foreign priority 
has been claimed in the present application is incorporated herein by reference, as if fully set forth. 

35 

Claims 

1 . A positive photosensitive composition comprising: 

40 

(A) 5 to 20 parts by weight of the total amount of at least one compound that generates an acid upon irradiation 
with an actinic ray; and 

(B) 100 parts by weight of the total amount of at least one fluorine atom-containing resin having a group that 
increases a solubility of the resin in an alkaline developer by the action of an acid. 

45 

2. The positive photosensitive composition according to claim 1 , wherein the resin (B) has a main chain to which at 
least one fluorine atom is bonded. 

3. The positive photosensitive composition according to claim 1, wherein the resin (B) has a repeating unit having 
so from 1 to 3 groups represented by formula (A-1 ): 

cf 3 

-f-o-R 1a (A-1) 

CF 3 
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wherein R 1a represents a hydrogen atom, an alkyl group, a cycloalkyl group, an acyl group, an alkoxycarbonyl 
group, or a group which dissociates by the action of an acid. 

The positive photosensitive composition according to claim 1 , wherein the resin (B) has a fluorine atom-containing 
repeating unit and a repeating unit with no fluorine atom. 

The positive photosensitive composition according to claim 4, wherein the repeating unit with no fluorine atom is 
at least one repeating unit selected from (a) to (c): 

(a) monocyclic or polycyclic, alicyclic hydrocarbon structure- having, acid-dissociating repeating unit; 

(b) lactone structure-having repeating unit; 

(c) monocyclic or polycyclic, alicyclic hydrocarbon structure and hydroxyl group-having repeating unit. 

The positive photosensitive composition according to claim 1 , wherein the compound (A) is a sulfonium salt. 

The positive photosensitive composition according to claim 1 , wherein the compound (A) is a sulfonium salt of a 
fluorine-substituted aliphatic sulfonic acid having 4 to 8 carbon atoms. 

A method of forming a resist pattern comprising: 

coating the positive photosensitive composition according to claim 1 on a substrate, to form a resultant coating; 
irradiating the resultant coating with an actinic ray, to form an irradiated coating; and 
developing the irradiated coating. 
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